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Welwitschia mirabilis normally possesses only two true leaves, which emerge from deeply-set meristem in the crown of the plant. The leaves
display continuous growth from the base, while the tips die off due to water loss caused by climatic factors and age. Extensive splitting of the
leaves may occur, giving the appearance of many smaller leaves. Here we report on observations of abnormal seedling morphology, including
twinning, lack of pigment, and supernumerary cotyledons. A note on fungal species associated with the seeds is also appended.
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Welwitschia mirabilis Hook. fil. is a unique and rare plant
endemic to the Namib Desert. It is categorised among the
Gymnospermae (order Gnetales), but displays many character-
istics intermediate between gymnosperms and angiosperms.
Recent genetic analyses tentatively indicate that the Gnetales
arose from within the conifers, and that morphological
similarities between angiosperms and Gnetales are separately
derived (Chaw et al., 2000). Supporting fossil evidence
(Palaeognetaleana auspicia cones) from the Upper Permian
has been reported in North China—the earliest known evidence
of the Gnetales (Wang, 2004).W. mirabilis retain their first-and-
only-formed leaves, the tissue of each being continually
regenerated from a deep-set meristem, throughout their lifespan,
with growth rates varying seasonally, and in response to rainfall
events (Henschel and Seely, 2000). The tips of the leaves die off
as a result of extensive water loss induced by climatic factors
and age (Eller et al., 1983). There are only two of these leaves,
although they become so longitudinally dissected by uneven
growth of the truncated stem that the basal meristem becomes⁎ Corresponding author.
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doi:10.1016/j.sajb.2007.12.002segmented (Bornman et al., 1972), giving the plant the
appearance of having many long, ribbon-like leaves, with
micro-or mega-strobili (depending on the sex of the individual)
appearing between the bases.
The dry seed (c. 7×5×2–3 mm; average mass 120 mg)
contains a centrally located embryo, often separated by a narrow
space from the surrounding gametophyte tissue, as described by
Bornman et al. (1979). Upon germination, the shoot apex, with
its paired cotyledons, appears to be withdrawn from the seed as
the hypocotyl elongates (Bierhorst, 1971). The attenuated
cotyledons, which become photosynthetic, persist for a matter
of 2–3 years (Chamberlain, 1966), even when the two later-
developing true leaves have become considerably longer than
they are (Bornman et al., 1972).
During the course of investigations previously described
(Whitaker et al., 2004, 2008), and associated studies over
5 years, more than 3000 seeds were germinated, and several
unusual variations on the expected morphology of W. mirabilis
seedlings were observed. Seeds were collected in the field by
staff of the National Plant Genetic Resources Centre (NPGRC)
of Namibia, and transported to Durban by overnight courier.
Table 1 outlines the provenance of accessions collected.
Seeds were germinated on 1% water agar in Petri dishes
sealed with Parafilm® in a growth room at 24 °C with a 16 h
photoperiod (PAR 50–90 μmol m−2 s−1).ts reserved.
Table 1
Location of collection of accessions utilised during the present study
Accession Location, altitude,
date of collection
Description
HK1249 21o20′48”S 14o09′12”E;
400 m a.s.l, 25/05/2002
Banks of the Messum River
HK1250 21o24′18”S 14o06′27”E;
340 m a.s.l, 25/05/2002
Tributary of the Messum River,
near the Messum Crater
HK1322 21o24′23”S 14o07′50”E;
315 m a.s.l, 28/06/2003
North-western side of the
Messum Crater
HK2031 21o23′46.3”S 14o10′13.3”E;
elevation unknown, 2006
Near the Messum Crater
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(MEA, Scharlau, Barcelona, Spain) prepared from the most
commonly isolated seed-associated fungi, were identified by the
Plant Protection Research Institute, Pretoria, South Africa.
1.1. Twin embryos
Sixteen seeds which produced twin seedlings were observed.
Two of the seeds were dissected. In one of the seeds, a single
radicle from which two plumules emerged was observed.
However, the smaller of the two plumules was shown to have a
small radicle which was obscured by the seed tissues. This
arrangement is in accordance with the observations of Pearson
(1910), who concluded that a smaller embryo may be produced
from a pre-existing one by lateral branching. In the other case,
twin radicles could clearly be seen emerging from the seed
tissues along with twin sets of cotyledons. In this seed, a y-
shaped suspensor was observed. Pearson (1910) stated that no
instances of twin embryos being produced from branching of
the suspensor in Welwitschia had been observed at the time of
his paper; rather all observed twinning was thought to be the
result of bifurcation or lateral branching of the embryo.
Additionally, Pearson (1910) noted that “there appears to be
no record of the presence of more than one embryo in the
mature seed of Welwitschia … all but one sooner or later is
crowded out of existence.” Thus the current observation is
apparently unique. The majority of the twin seedlings observed
originated from HK1249 (10 of 16), with the remaining 6 splitFig. 1. An achlorophyllous seedling (a) and a normal seedling (b), 21 d after
plating on 1% water agar.equally between accessions HK1250 and HK2031. Whilst
differences in the size of the samples could potentially bias
conclusions (far more seeds were available from accession
HK1249 than HK2031), it is possible that a genetic influence is
operational, and that twins are more often found in certain
localities than in others. Pearson (1906) noted that plants
growing in close contact formed “natural grafts”. In some cases,
both male and female plants were found in a single graft
(Pearson, 1906); however, the close association of several plants
of the same sex is suggestive of their having developed from
twin embryos. Some of the clumps noted were thought to
consist of more than two plants, and twinning in this case could
be ruled out.
1.2. Achlorophyllous seedlings
Eight instances of seedlings producing achlorophyllous
cotyledons (Fig. 1) were noted, all of which originated from
seeds of accession HK1249.
The cotyledons of W. mirabilis are usually red upon
emergence from the gametophyte tissue, and green as germina-
tion progresses. In the case of achlorophyllous cotyledons, no
pigment was evident upon emergence from the surrounding
seed tissues, and cotyledons had not greened upon completion
of germination monitoring (after 21 d).Fig. 2. (A) Welwitschia mirabilis seedling displaying abnormal foliation
patterns: a) three cotyledons at apex of stem; b) fourth cotyledon emerging from
gametophyte tissue; (B) The opposite side of the seedling; note that the fourth
cotyledon detached from the gametophyte tissue on turning. The third and
smallest cotyledon growing from the apex of the stem is arrowed.
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Petri dishes as normal seedlings—ruling out an effect of light in
this instance. No such abnormal colouration has previously
been reported, and it is presumed that these seedlings may
represent an achlorophyllous mutant state.
1.3. Abnormal foliation
Two distinct types of abnormal foliation patterns have
previously been reported from the area south and west of the
Brandberg massif (Von Willert, 1993). In the first type, the plant
produces a second pair of permanent foliage leaves, which
emerge from the stem apex. In the second type, a single, narrow
leaf emerges between the bases of old inflorescences, and was
suggested to arise from an inflorescence bud which “became
transduced to leaf meristem” (Von Willert, 1993).
A single seedling (HK1249) showing an abnormal foliation
pattern of the cotyledons was observed. The seedling appeared
to have three cotyledons (Fig. 2), two of which were directly
opposed while the third was smaller and grew from the outer
edge of the seedling stem (arrowed, Fig. 2B). In addition, a
fourth cotyledon appeared to emerge directly from the
gametophyte tissue. The fourth cotyledon detached from the
gametophyte upon maneuvering the seedling for photograph-
ing. The seedling was dissected and no other abnormal features
were noted.
Whilst the foliation pattern does not appear to accord with
either of the descriptions of Von Willert (1993), the seeds
(HK1249) were sourced from a similar locality to that described
(south and west of the Brandberg). According to Von Willert,
the concentration of plants presenting abnormal foliation in this
area possibly indicated a genetic influence. No other similar
foliation was noted.
1.4. Fungi
The most common species overall was Aspergillus niger var.
phoenicis (Corda) Al-Musallam, although the prevalence of this
species differed from accession to accession. A. niger var.
phoenicis was not commonly isolated from accessions HK1249
and HK1250, but was macroscopically visible in association
with seeds from HK1322. Minor species isolated from
accession HK1249 included Pithomyces atro-olivaceus
(Cooke and Harkness) M.B. Ellis, Curvularia ovoidea (Hiroe
and Watan) Muntañola sensu M.B. Ellis, and two previously-
unknown species of non-plurivorous Cladosporium. It wassuggested by members of the Plant Protection Research Institute
that the Cladosporium species were probably unique to W.
mirabilis. Penicillium and Rhizopus spp. were very occasionally
noted.
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